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Material with high aspect ratio is
essential for the typical field emission
application. In this report, nano materials are
synthesized and characterized using different
techniques.

By using microwave plasma chemical
vapor deposition system, Si nanotips are
locally formed by an etching process. The
microstructures of the Si tips are observed
using both transmission electron microscopy
and scanning electron microscopy. Further
treatment is introduced to modify the tip
structure to enhance the field emission
properties comparative to the S tips. With
the similar technique, chromium carbide
capped carbon nanotips are synthesized. This
material also performs good uniformity and
field emission properties. Proposed growth
mechanism is demonstrate to provide a
possible route to synthesized different
catalyst cap on the tip in order to tune the
field emission property.

Aluminum  nitride  nanotips are
synthesized using thermal chemical vapor
deposition. AIN nanotip appears in hexagonal
shape and high resolution TEM shows a
perfect crystalline structure. By controlling
the cluster size and the growth temperature,
the desired microstructure can be formed.
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With the development of
nanotechnology,  nanostructures-structures
that are defined as having a least one
dimension between 1 and 100 nm have
received steadily growing interest as a result

R T EE Ly

of their peculiar and fascinating properties,
and applications superior to their bulk
counterparts. Many applications are predicted
to involve with nanotechnology including
optics, electronics, catalyst, ceramics, and
storage media, etc. The most pertinent
example is microelectronics, which “smaller”
means greater performance ever since the
invention of integrate circuits. more
components per chip, faster operation, lower
cost, and less power consumption.

Field emission from nano-sized material
is one of the most important applications for
the nanotechnology. The basic requirement of
a nano emitter must have a high aspect ratio
that field emission will take place. Among
such an application, a revolution of the
display technology come the field emission
display. Compare with TFT-LCD flat panel
display, field emission display has much
more advantages such as high brightness,
thin in dimension, wide view angle, low
power consumption and a wide operating
temperature. The mention advantages above
make the field emission display a candidate
for the new generation of the display
technology.

Though the field emission technology
has been developed over decades, a satisfied
product has not yet been demonstrated. The
key resolution of the current field emission
display difficulties is the field emission
efficiency and durability of the emitters. So
far, carbon nanotubes have been extensively
studied and tested for applications. It is not
until now that precisely controlling the
dimension and distribution of carbon



nanotubes still a challenging issue. There's
still many materials which prohibit better
performances than carbon nanotubes do.

In this project, various kinds of
deposition methods are involved to
synthesized nano-size materials. After the
synthesis, instruments are incorporated to
analysis and measure the character of the
material. At the final stage, the materia with
desirable performance will be fabricated in to
the device to achieve the practica
applications.

A. Modification of Si Nano Emitters by
Diamond - clad Process

The potential to achieve high-current
devices is one of the most attractive issues of
field emitters. In this work, needle-like Si
tips with high aspect ratio is achieved by
hydrogen plasma.  Scanning electron
microscopy (SEM) shows the average
diameter and height of need-like Si tips are
approximately 70 and 350 nm, respectively.
To improve the field emission property of
pure S tips, the diamond-like carbon
nanoparticles are further deposited on the top
of the Si tips. Experimental results present
that the diamond-like carbon-clad process
improves the stability as well as the
conductivity. Transmission electron
microscopy (TEM) and Raman spectroscopy
are used to observe their nanostructures and
quality. Besides, the Auger electron spectrum
also detects the partial growth of silicon
carbide during modification process.

1

g Tl

Fig. 1 (a) High and (b) low magnificati‘on of SEM photographs of Si
nanotips
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Fig. 2 TEM of (a8 S tips and (b) high-resolution images of

individual Si tip.

Fig. 3 (8) High and (b) low magnification of SEM photographs of
DLC-clad Si nanotips
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Fig. 4 AES profile of DLC-cIadS| tips.

Fig. 5 AES surface survey of DLC-clad Si tips.
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Fig. 6 Raman spectrum of DLC-clad Si nanotips.
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Fig. 7 Electric field (E) versus current density (J) of Si and
DLC-clad Si tips, respectively.

According to the mentioned results, the
major findings are summarized as follows:

1. The application of hydrogen plasma to
induce Si tips is an easy method to
produce high aspect ratio field emitters in
many systems.

2. The average diameter and height of
needle-like Si tips are approximately 70
and 350 nm, respectively.

3. Due to the competition between deposition
and etching rate ssimultaneously occurred
in the plasma, the needle-like shaped of S



tips becomes blunt after DL C deposition.

4. Negative-bias effect is expected to
enhance the growth rate of DLC during
deposition.

5. Improvement on |-V characteristic of
DLC-clad Si tips is due to the negative
electron affinity (NEA) property and
carbon nanoparticles.

B. Growth of chromium carbide
capped-carbon nanotip using bias-assisted

microwave plasma chemical vapor
deposition
Chromium  carbide  capped-carbon

nanotip was synthesized using bias-assisted
microwave  plasma  chemical  vapor
deposition. Such a material grew up to about
several hundreds of nanometer long and tens
of nanometer in diameter. The applied biasis
a significant parameter in the growth process
that the higher bias is effective to increase
the growth rate. However, the higher bias
also contributes to a rapid formation of
chromium carbide which leads to a shorter
length of carbon nanotip at the same time.
The higher ion energy aso varies the tip
diameter due to strong ion bombardment
effect which is a competitor to deposition. It
is found that the growth of chromium carbide
capped-carbon nanotips reaches a limit due
to the fully carburization of chromium.
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Fig. 1 (a) Low magnification SEM image showing the uniformity of
the vertical aligned chromium carbide capped carbon nanotips. (b)
SEM image of aclose view.
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Fig. 2 TEM images showing (&) the cross-section view of chromium
carbide capped carbon nanotips and, (b) high magnification view of
an individual carbon nanotip and the inset shows the chromium
carbide head.
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Fig. 3 Schematic diagram of proposed growth model (a) Formation
of nucleation process; (b) cap growth; (c) deposition of carbon (d)
asparagus-like structure forms.
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Fig. 4 Chromium carbide capped carbon nanotip grew under bias of
-300 volt for 30 minutes

Chromium can be used as a catalyst to
grow chromium carbide capped carbon
nanotip with size of several tens of
nanometers. Surface diffusion is believed to
be the mechanism for the growth of carbon
nanotip. The applied bias plays an important
role that either assists the growth or etches
the carbon away during growth. In other
words, the dimension of the chromium
carbide capped carbon nanotip can be
controlled. And there exits length limit which
is due to the fully carburization of chromium.
By supplying sufficient bias, an
asparagus-like structure forms.

C. Nucleation and growth of aluminum
nitride nanotips using chemical vapor
deposition

Hexagonal aluminium nitride nanotips
(AINNTS) have been fabricated on silicon (Si)
substrates by simply using thermal chemical
vapor deposition at temperatures of 950°C,
using aluminium (Al) powders and ammonia
gas. Theinitial growth of AINNTs reveal that
metal- silicide nanoclusters formed during
early stages of growth served as the
nucleation sites for the nanotips growth. Size
control can be achieved by controlling the
thickness of metal catalyst deposited on the
silicon substrate. A stable and self-limited
(001) facet often inhibits further growth of



the AINNTs grown at high temperatures. The
area of the (001) facet increases with the
increasing growth temperature. The structure
and chemical composition of the AINNTs
were investigated by using XRD analysis,
high-resolution electron microscopy, electron
energy loss spectroscopy, and eemental

mapping.
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Fig.5. HR-SEM images of AIN nanotips on silicon substrates coated

with 15 nm of gold grown under (a) 950°C, (b) 1000°C, (c) 1100C,
(d) 1200°C, respectively.
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Fig.1. High resolution scanning electron microscope images of AIN e ) —
nanotip grown for (a) 15 min, (b) 20 min, (c) 25 min, Inset shows Energy L oss (eV) Energy Loss (V)
the high magnificent of theinitial growth of nanotip with crystalline
nanoparticle on the base of the AINNTS. (d) 30 min, respectively.
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Fig. 6. EELS experiments and elemental mapping of the AIN
nanotips: (a) Original TEM image; (b) Al mapping; () N mapping.
Corresponding EELS spectra exhibiting (d) Al K-edge at 1560 eV,
(e) N K-edge at 401eV. All the EELS analysis were obtained from
AIN nanotip(s) prepared on 15 nm Au coated Si substrate at 950°C
for 30 minutes.

In summary, the growth of highly pure

and high density hexagonal aluminum nitride

- = - e = nanotips on silicon substrates via a thermal

26 (degree) chemical vapor deposition system has been

Fig.2. XRD spectratake from the sample B, C, and D, respectively. demonstrated. The AINNTs grow by

vapour-solid mechanism and their preferred

growth direction (long axis) is [001].

oo Composition and structures of the AINNTs

have been confirmed by XRD, HRTEM,

SAED, and EELS. Optimal conditions for the

Fig. 3. (@ Lowzor;rr:agnfication HRTM image and (b) atomic grOWth of these nanoti pS are 950C groyvth

resolution TEM image of the h-AIN nanotip with growth direction ~ t€mMperature and 30 minutes growth time

of [001] with[llO] zone axis. Inset in (b) shows SAED image of the under flowi ng NH3 with Au as catalyst. The
AIN nanotips. . . .

morphology of the nanotips is determined by

the size of the metal or metal silicide phase

nanoparticulates formed during the initia

stages of growth. It is believed that this

nanotip structure have potential applications

as field emission tips, and other nanoscale

heterojunction devices.
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Fig.4. HR-SEM images of AIN nanotips grown with (&) Au (15nm),
(b) Al (15nm), (c) Pt(15nm), (d) Pt (60nm) coating on the Si
substrate, respectively.



R R
?Eﬁﬂﬁﬂ?’ﬁ%%$$§
yiméﬁﬁ%, NI o
48~ .%ﬁiﬁié+ L 4E w4 o
¢Eﬁﬂ*ﬁ&@ﬁ%mT’%d%
@ﬁlﬁ;géliﬁfﬁt?f}ﬁ“g}%}fﬁ/b%/z ’ ’f’é%',l
ﬂﬁgwf'rh’k%';';&a {v ﬁ;ﬁd,y 79 4
ﬁ%@wumﬁﬁ%%ﬁwgow+?

&
:i';‘

igé&? % Rt LEMAe YT
¥ &?“Wﬁ*ammﬁﬁ* %k
BLAE FAF AR F R R

4
frofF g sk e a2
FHEL e A 2 A o

PR T OUE B R THFE A
FHA ARG B E i

PERAAGME R L
PHERE  FHERES LR RE
LN TSGR kN &

=1



